INTRODUCTION
addition, while the VZV glycoprotein E (gE) was readily detectable by Western blot from 137 lysates of infected HMNs, no such expression was observed in HSNs (Fig 2C) . 138 139 Relative resistance to lytic infection in sensory neurons 140 Since we occasionally observed limited numbers of HSNs expressing GFP by flow 141 cytometry following infection with rVZVLUCBAC under standard conditions (Fig 2B) , we 142 next determined whether we could establish conditions in which lytic infection in HSNs 143 was more robust. We found that doubling the amount of virus added to HMNs resulted in 144 increased GFP expression, such that 19-26% of HMNs expressed GFP at five days post 145 infection ( Fig 3A, top row; compare to Figure 2B , top row). However, even when using 146 ten times the amount of virus, GFP expression was undetectable in two of three HSN 147 cultures and in the third only 0.14% of cells were found to express GFP ( Fig 3A) . We next 148 sought to determine whether viral nucleic acid was present in HSNs, which might occur 149 despite absence of robust GFP expression, the latter of which depends upon substantial 150 viral replication. We examined transcription of immediate-early (IE) ORF61, early (E) 151 ORF29, and late (L) ORF14 gene. We detected all kinetic classes of transcripts in HMNs 152 differentiated for either four or six weeks and in one set each of the HSNs, though at lower 153 levels ( Fig 3B) . Notably, however, in two of three HSN cultures differentiated for either 154 four or six weeks, only very low levels of ORF61 were detectable while ORF29 and 155 ORF14 were undetectable. We also examined viral DNA and found that HSNs harbored 156 lower levels of VZV DNA as compared to HMNs, regardless of whether neurons were
We then examined whether the restriction in lytic infection in HSNs is so severe as to 160 preclude the development of productive virus altogether. HSNs differentiated for six 161 weeks were infected for one to two weeks -longer than the standard three to five days -162 and cells were analyzed for viral nucleic acid. We were able to detect IE, E, and L 163 transcripts at one week following infection, and levels of each had increased by two weeks 164 following infection (Fig 4A) . Similarly, viral DNA was detected at 1 week post infection 165 (w.p.i.), with increasing amounts observed at 2 w.p.i. (Fig 4B) . In order to determine 166 whether productive virus was formed from infected HSNs, cells were scraped, placed 167 atop a monolayer of ARPE19 cells and cultured for seven days. Infectious focus formation 168 was confirmed on ARPE-19 cells, and consistent with increasing amount of viral 169 transcripts and viral DNA replication, infectious focus counts were increased from one 170 week to two weeks (Fig 4C) .
172
Human sensory neurons are permissive to VZV latency and reactivation in vitro 173 We next examined the establishment of latency in HSNs. We took advantage of a 174 microfluidic platform that we have previously developed that allows for axonal infection of 175 neurons, a factor that appears critical for developing an in vitro latent state (16, 18) of the VLT transcript in HSNs via two different primer sets, while VLT was undetectable in HMNs (Fig 5B) . A primer set targeting ORF63, whose transcript was also detected in 183 human trigeminal ganglia (TG) harboring VZV DNA though at substantially lower levels 184 than VLT (21), did not result in detectable expression in either HSNs or HMNs. We also 185 examined the configuration of the VZV viral genome by using the ratio of terminal repeat 186 joint to genomic linear region abundance, and found the ratios in both HSNs and HMNs 187 to be close to one (Fig 5C) , indicating a predominantly circular conformation of viral DNA 188 as would be expected were the virus in an episomal configuration as occurs during latency 189 either in vivo or in vitro (16, 22) . In humans, sensory neurons represent a unique cellular niche that supports VZV latency.
202
Here, we have established a robust human sensory neuron model system in vitro, and 203 demonstrated that these cells are relatively resistant to lytic infection by the virus. Latent 204 infection of these sensory neurons appears to closely mimic that of human TG in vivo (21). Furthermore, we were able to observe productive viral reactivation from the in vitro 206 latent state. These data suggest that human sensory neurons possess intrinsic properties 207 that facilitate VZV latency, and that these properties can be recapitulated in vitro.
209
It has long been recognized that viral latency of many neurotropic alphaherpesviruses is In order for latency to be established in vivo, sensory and autonomic neuronal ganglia, 231 including TG or DRG, must be infected and lytic infection must presumably be suppressed 232 in order to prevent destruction of the neurons that will subsequently harbor latent infection. The cell bodies of sensory neurons are primarily located in the ganglion. While much has 265 been learned in the past few decades regarding the electrophysiological and molecular 266 characteristics of these sensory neurons, it has only recently been appreciated that other 267 cells and structures within the DRG may contribute substantially to neuronal function (37).
268
Satellite cells, for example, are a specific type of glia that form a close functional 269 relationship with neurons within the DRG and can modify the neuronal microenvironment. We and others have previously reported lytic infection of ESC-and iPSC-derived human 278 sensory neurons, without noting resistance to infection (18, 19) . In these reports, co-279 expression of the nuclear marker Brn3a and cytoplasmic marker peripherin served to 280 mark sensory neurons; however, the maturation state of the cells was unclear as neurons 281 were only differentiated for up to three weeks and additional markers of mature sensory 282 neurons were not assessed. We found that Brn3a and peripherin were expressed early 283 on during differentiation (within two weeks), while additional markers of mature sensory 284 neurons, such Nav1.7 and Nav1.8, were increasingly expressed following the four week 1) were first confirmed for the amplification rate (98-100%) using 10-10 6 copies (10-fold 408 dilution) of pOka-BAC genome or VLT plasmid (21) and the lack of non-specific 409 amplification using water. The qPCR program is as follows; 95°C for 2 min (1 cycle), 95°C for 10 sec and 60°C 15 sec (40 cycles), and 60 to 95°C for a dissociation curve analysis.
411
Data is presented as relative VZV level to cellular beta-actin (cDNA) or CD24 (DNA) 412 defined as 2 -(Ct-value VZV gene -Ct-value beta-actin or CD24) . Human sensory progenitor cells are differentiated over the course of six to seven weeks. At two weeks (A), many cells express the pan-neuronal markers neurofilament (NF) and beta III tubulin (Tuj1). Some cells express peripherin, a marker found mainly on neurons of the peripheral nervous system, and expression is colocalized with Tuj1. Brn3a and Islet 1, markers of sensory neurons, begin to be expressed in subsets of cells. By four to five weeks (B), many neurons (expressing Tuj1) coexpress Brn3a, and expression of the sensory neuron voltage-gated sodium ion channels Na v 1.7 and Na v 1. HSNs differentiated for six weeks are infected with 400 PFU of pOka VZV for one to two weeks prior to analysis. (A) Transcriptional analysis demonstrates that ORF61, ORF29, and ORF14 are detected at increasing levels from one to two w.p.i. (B) VZV DNA is detected at increasing amounts from one to two w.p.i. (C) Infectious focus forming assay performed from HSNs infected for one or two weeks prior to application atop a monolayer of ARPE19 cells. 
